Observational data indicate that behaviors that shift energetic homeostasis, such as exercise, may decrease the risk of developing breast cancer by reducing the amount of energydense, metabolically active adipose tissue. Between December 2008 and April 2013, we conducted a single-blind, 5-month, clinical trial that randomized premenopausal women at high risk of developing breast cancer to one of three groups: 150 min/wk of aerobic exercise (low dose), 300 min/wk of aerobic exercise (high dose), or control. Body composition was assessed using dual-energy x-ray absorptiometry. Background parenchymal enhancement (BPE) was quantified using computerized algorithms on breast dynamic contrast-enhanced MRI. Over 5 months, compared with the control group: the low-dose and high-dose groups lost À1.5 AE 0.5 and À1.3 AE 0.5 kg of body mass (linear P trend ¼ 0.032); À1.5 AE 0.4 and À1.4 AE 0.3 kg of fat mass (linear P trend ¼ 0.003); À1.3 AE 0.3 and À1.4 AE 0.3% of body fat (linear P trend < 0.001); À15.9 AE 5.4 and À26.6 AE 5.0 cm 2 of subcutaneous adipose tissue (linear P trend < 0.001); and À6.6 AE 1.9 and À5.0 AE 1.9 cm 2 visceral adipose tissue (nonlinear P trend ¼ 0.037). For each À1 cm 2 reduction in visceral adipose tissue, BPE decreased by À3.43 AE 1.34 cm 2 (P ¼ 0.010) and explained 9.7% of the variability in BPE. Changes in other aforementioned body composition outcomes did not significantly correlate with changes in BPE. These mechanistic data support observational evidence that shifting energetic homeostasis through exercise may alter the risk of developing breast cancer. Additional adequately powered studies are needed to confirm and expand upon our findings that changes in body composition are associated with changes in BPE. Cancer Prev Res; 9(7);
Introduction
Women with BRCA1/2 gene mutations have an increased risk of developing breast cancer. Estimates for lifetime risk of developing breast cancer among BRCA1/2 mutation carriers vary from 30% to 80% (1) . Factors most strongly related to the risk of developing breast cancer among BRCA1/2 mutation carriers include sex hormone concentrations and reproductive characteristics (2) . Additional variability in lifetime risk among BRCA1/2 mutation carriers may be explained by factors related to energetic homeostasis.
Observational evidence suggests that energy expenditure through physical activity may be associated with a lower risk of developing breast cancer among BRCA1/2 mutation carriers (3) and premenopausal women (4) . Conversely, the storage of excess energy through weight gain and unfavorable alterations in body composition, particularly the accumulation of abdominal fat (5) , may be associated with a higher risk of developing breast cancer among BRCA1/2 mutation carriers (6, 7) and premenopausal women (8, 9) . Weight loss in early adulthood may also be associated with a lower risk of developing breast cancer among BRCA1/2 mutation carriers (10) . These observational data are consistent with the hypothesis that behaviors which shift energetic homeostasis may reduce the risk of developing breast cancer by increasing energy expenditure and reducing the amount of energy-dense, metabolically active adipose tissue. However, the biologic mechanisms that mediate the relationship between energy balance-related factors and breast cancer risk have not been elucidated.
Background parenchymal enhancement (BPE) is the volume and intensity that normal fibroglandular breast tissue enhances when measured using MRI with contrast (11) . Studies suggest that increased BPE may be predictive of a 3-to 10-fold elevation in breast cancer risk (11, 12) . Quantifying changes in BPE may be a useful outcome to predict response to risk-reducing interventions (11, 13) . Women with increased BPE have a higher body mass index (BMI) than women with lower BPE, a known risk factor for breast cancer (14) . However, it is unknown if improving body composition correlates with reductions in BPE. If exercise-induced changes in body composition are correlated with reductions in BPE, it would provide mechanistic data to corroborate the findings from previous observational studies that have identified associations between physical activity or body composition and breast cancer risk (15) .
The Women In Steady Exercise Research (WISER) Sister study was a three-armed randomized controlled trial with the primary aim to test the dose-response effects of 150 and 300 minutes per week (min/wk) of aerobic exercise versus usual care control over 5 months on endogenous sex hormones among 139 healthy premenopausal women at elevated risk of developing breast cancer (16) . The primary and key secondary outcomes of the WISER Sister study including estrogen, progesterone, and BPE have been reported (17) . Here, we report additional secondary outcomes including body composition measures and characterize the relationship between changes in body composition and changes in BPE. Our primary hypothesis was that exercise would favorably alter body composition outcomes in dose-response fashion and that improvements in body composition would correlate with reductions in BPE.
Materials and Methods

Participants
Eligibility requirements included: female sex, no personal history of cancer, BMI 50 kg/m 2 , age of 18 to 50 years, eumenorrheic (menstrual cycles, 23-35 days in length), time since starting menstruation !4 years, intact ovaries and uterus, no hormonal contraceptive use (past 3 months for oral and vaginal methods, past 12 months for medroxyprogesterone), prior tubal ligation or willingness to use nonhormonal birth control during study, no eating disorder as assessed using the Eating Disorder Diagnostic Scale (18) , not currently in a weight loss program, not pregnant in past 6 months, not currently breastfeeding, not planning to become pregnant, no more than seven alcoholic beverages per week, self-reported aerobic exercise of <75 min/wk over past 6 months, not planning to move during study, no medical conditions that would preclude safe participation in exercise, and a predicted lifetime breast cancer risk !18% evidenced by a documented BRCA1/2 mutation for participant or first-degree relative, and/or Claus model risk >18% (19) , and/or Gail model risk >18% (20) . Participants were recruited from across the continental United States using national organizations that provide resources to women at elevated risk of breast cancer, such as Facing Our Risk of Cancer Empowered (FORCE) and the Cancer Genetics Network (21) . Costs for travel (airfare, hotel) to complete in-person measurement visits were paid for by the study. Additional details about recruitment have been published previously (16) .
Women were stratified on years since starting menstruation (<10 vs. !10 years) and BMI (<30 kg/m 2 vs. !30 kg/m 2 ) then randomized in equal ratio to one of three groups: lowdose aerobic exercise (150 min/wk), high-dose aerobic exercise (300 min/wk), or control (usual activities). The study was approved by the University of Pennsylvania Institutional Review Board. Women provided written informed consent and written approval from their physician prior to participation.
Intervention
Aerobic exercise was performed over 5 months using studyprovided in-home treadmills (Smooth Fitness, Model 5.65). A 5-month intervention was selected to be long enough to induce changes in urinary hormones (primary outcome), while balancing the feasibility of recruitment, complexity of delivering a distance-based intervention, and completing the study within the funding period. Participants were provided with a heart rate monitor to objectively record heart rate during each exercise session. The heart rate monitor had a long-term memory to record up to 99 bouts of exercise using a 1-minute epoch for each exercise bout. Every month, a new heart rate monitor was provided to each participant, and monitors from the previous month with recorded exercise data were returned to study staff via postal mail for data download and analysis. Participants also used exercise logs to record the date, time, average heart rate, and exercise duration. Participants were contacted by a certified exercise professional each week to promote compliance and facilitate progression of exercise volume (i.e., frequency, duration, and intensity). Exercise intensity in the first month was 65% to 70% of the age-predicted maximum, and in months two to five, heart rate was maintained at 70% to 80% of the age-predicted maximum (i.e., moderate intensity). The low-dose and high-dose groups progressed toward the goal of 150 or 300 min/wk of exercise over 4 and 10 weeks, respectively. The control group was asked to maintain their prestudy levels of exercise and not to engage in new activities during the study. Control group participants were provided with an inhome treadmill after completing the study. Additional details of the exercise intervention have been provided elsewhere (16) .
Measurements
Baseline and follow-up measures were obtained by trained staff that were blinded to treatment assignment and followed standardized protocols. Demographic characteristics were selfreported. Predicted lifetime risk of breast cancer was quantified using genetic testing results and the Claus and Gail models (19, 20) . Cardiorespiratory fitness was quantified using the Bruce protocol (22) . Physical activity was quantified using the modifiable physical activity questionnaire (23) . The modifiable physical activity questionnaire has satisfactory test-retest reliability (r ¼ 0.62-0.96), reproducibility (r ¼ 0.88-0.92), and is correlated with objectively measured physical activity (r ¼ 0.62; ref. 23) . Caloric intake was quantified using 3-day food records that were analyzed by a registered dietitian using the Nutrition Data System for Research software (v.2009). The collection and quantification of urinary hormones including estrogen and progesterone have been described in detail elsewhere (16) .
Body composition outcomes
Anthropometric measures included height (m) and body mass (kg), which were used to calculate BMI (kg/m 2 ). All participants underwent whole-body dual-energy x-ray absorptiometry (DXA; Hologic Discovery A). All DXA scans were reviewed for accuracy by a bio-nutritionist who was blinded to study group (24) . The DXA scanner was calibrated daily using a soft-tissue phantom. DXA was used to quantify fat mass (kg), body fat (%), visceral adipose tissue (VAT; cm 2 ), subcutaneous adipose tissue (SAT; cm 2 ), and lean mass (kg) using Hologic APEX v.13.4 software. DXA-derived VAT has been validated against CT-derived VAT (r ¼ 0.93; P < 0.001; ref. 25) and has been used among premenopausal women across a large weight spectrum (26) .
Background parenchymal enhancement
Bilateral dynamic contrast-enhanced MRI (DCE-MRI) examinations were conducted between days six and ten of the menstrual cycle at baseline and follow-up using a 1.5-Telsa Siemens scanner using published methods (27) . At follow-up, images were obtained using the same field of view and slab dimensions used in the initial exam to ensure consistency for within-participant comparison. We used validated fully automated computerized methods to quantify absolute volume of BPE (cm 2 ; refs. 13, 28, 29) . Budget cuts prevented breast MRI for all participants. The first 68 participants underwent breast MRI (22, 22 , and 24 in the control, low-dose, and high-dose groups, respectively). There were fewer nonwhite women than white women (P ¼ 0.001), but no other differences were observed between participants who underwent breast MRI versus not.
Statistical analysis
All statistical analyses were completed using Stata MP Version 14.1 (StataCorp). Descriptive statistics presented for baseline variables include counts and proportions for categorical variables and mean AE SDs for continuous variables. Categorical baseline characteristics were compared between the three groups using the Fisher exact test, and continuous baseline characteristics were compared between the three study groups using the Kruskal-Wallis test. The sample size for this trial was determined for the primary outcome, urinary estrogen. For the secondary outcomes reported herein, we had 80% power to detect effect sizes of 0.23 and larger (16) . All inferential analyses were conducted on an intention-to-treat basis.
Changes in body composition outcomes were evaluated from baseline to follow-up between the three groups using repeated-measures mixed-effects regression models. This statistical approach includes all available data and accounts for the correlation between repeated measures. The baseline value of the dependent variable was included as a covariate in the regression models (30) . Group-by-time interaction terms were included as fixed effects in the regression model. Results from the repeated-measures mixed-effects regression models are presented as least-square mean AE SE. To evaluate the presence of a dose-response relationship across randomized groups, a test of trend was conducted by examining linear and nonlinear (quadratic) contrasts. Sensitivity analysis was performed to assess the robustness of the primary analyses using a repeatedmeasures analysis of covariance (RM-ANCOVA) with lastobservation-carried-forward (LOCF) imputation. Results from the sensitivity analysis did not differ from those presented herein. The longitudinal relationship between body composition outcomes and BPE was examined using a mixed model that consolidated the three randomized groups and included participants who completed breast MRI measures. The proportion of variance in BPE explained by body composition was calculated using the R 2 method as described by Bryk and Raudenbush for mixed-effects regression models (31) .
Results
Between December 2008 and March 2012, 139 women residing in over 100 cities in 33 states within the United States were recruited and randomized with data collection ending for all study participants in April 2013. Characteristics of study participants are presented in Table 1 . Age ranged from 18 to 49 years. The lifetime-predicted breast cancer risk from the Claus model ranged from 8.3% to 46.0%, and the Gail model ranged from 9.6% to 51.4%. All women had a lifetime risk of developing breast cancer !18% using at least one method of prediction. Figure 1 shows the 139 randomized participants, including 17 women (12.2%) who did not complete 5-month measures. The most commonly cited reason for attrition was attributed to personal life events unrelated to exercise. Attrition was monitored throughout the study, and the importance of participant retention was reinforced by the study coordinator and principal investigator. As an alternative to terminating participation in the study entirely, all participants were offered the option to cease exercise but agree to complete end of study measures. Participants who did not complete 5-month measures were more likely to be nonwhite (33% vs. 9%; P ¼ 0.005), have less than a college degree (55% vs. 4%; P < 0.001), be single or divorced (22% vs. 6%; P ¼ 0.008), with a lower predicted breast cancer risk Energy balance variables are presented in Table 2 . Over 5 months, mean adherence to the low-dose exercise prescription was 127 AE 51 min/wk (85% of prescribed dose) and to the high-dose exercise prescription was 214 AE 73 min/wk (81% of prescribed dose). In both groups, 96% of all exercise bouts were confirmed with the objective heart rate monitor data (i.e., 4% failure rate on the heart rate monitors). After 5 months, linear dose-response increases were observed for maximal treadmill time and self-reported physical activity (P < 0.001). No change in caloric consumption was observed. There were no unexpected or serious adverse events related to the intervention. Body composition outcomes are presented in Table 3 . Compared with the control group, the low-dose and high-dose groups lost À1.5 AE 0.5 and À1.3 AE 0.5 kg of body mass (linear P trend ¼ 0.032); À1.8 AE 0.6% and À1.8 AE 0.5% (linear P trend ¼ 0.001). Similar linear dose-response patterns were observed for fat mass and body fat percentage. Compared with the control group, the low-dose and high-dose groups lost À15.9 AE 5.4 and À26.6 AE 5.0 cm 2 of SAT (linear P trend < 0.001; Fig. 2) ; À4.5 AE 1.6% and À7.8 AE 1.5% (linear P trend < 0.001). Compared with the control group, the low-dose and high-dose groups lost À6.6 AE 1.9 and À5.0 AE 1.9 cm 2 VAT (nonlinear P trend ¼ 0.037; Fig.  2 ); À8.3 AE 2.3% and À6.2 AE 2.3% (nonlinear P trend ¼ 0.031). Change in body mass significantly (P < 0.001) correlated with changes in fat mass (r ¼ 0.90), body fat percentage (r ¼ 0.63), VAT (r ¼ 0.69), and SAT (r ¼ 0.79). Adjustment for change in body mass did not substantively alter the effect estimates for the aforementioned outcomes (results not shown). No statistically significant dose-response effects were observed for BMI (P ¼ 0.080) or lean mass (P ¼ 0.900). Sensitivity analyses using RM-ANCOVA did not differ from the reported mixed-model analyses.
At baseline, multiple body composition outcomes were significantly (P < 0.001) correlated with BPE, including body mass (r ¼ 0.70), BMI (r ¼ 0.73), fat mass (r ¼ 0.71), body fat percentage (r ¼ 0.68), VAT (r ¼ 0.64), SAT (r ¼ 0.64), and lean mass (r ¼ 0.57). We have previously reported that exercise reduced BPE in dose-response fashion (P ¼ 0.009), such that after 5 months compared with the control group, BPE was reduced by À82.2 AE 37.6 cm 2 and À155.1 AE 35.2 cm 2 in the low-dose and high-dose exercise groups, respectively (17). After 5 months, change in VAT was the only body composition outcome to correlate with change in BPE. For each À1 cm 2 reduction in VAT, BPE decreased by À3.43 AE 1.34 cm 2 (P ¼ 0.010) and explained 9.7% of the variability in BPE (Table 4) . Change in body composition outcomes did not correlate with changes in urinary estrogen and progesterone (results not shown; ref. 17).
Discussion
Moderate-intensity aerobic exercise among premenopausal women at high risk of breast cancer resulted in dose-response reductions in body composition outcomes, including total body mass, fat mass, body fat percentage, VAT, and SAT. Change in VAT correlated with change in BPE; other body composition outcomes were not statistically significant correlates of change in BPE. The findings from this randomized trial provide preliminary mechanistic data to support observational evidence that suggests shifting energetic homeostasis may alter the risk of developing breast cancer (3, 6, 7, 10, 32) . We observed only modest changes in body mass. Over 5 months, the control group gained 1 kg of body mass (P ¼ 0.046), whereas the exercise groups maintained body mass. In the absence of caloric restriction, exercise is useful for weight maintenance (33) . VAT is the primary fat tissue compartment associated with chronic disease risk (34, 35) . A significant nonlinear (quadratic) dose-response reduction in VAT was observed.
Compared with the control group, the low-and high-dose exercise groups lost À6.6 cm 2 [95% confidence interval (CI), À10.2, À3.0] and À5.0 cm 2 (95% CI, À8.8, À1.3) of VAT, respectively. The magnitude of VAT reduction observed was modestly smaller than prior studies (36, 37) . Among 173 sedentary postmenopausal women, 12 months of moderate-intensity aerobic exercise (225 min/wk) reduced VAT by À8.6 cm 2 compared with the control group (36) . Among 400 physically inactive postmenopausal women, 150 min/wk of aerobic exercise was not significantly different from 300 min/wk of aerobic exercise in reducing VAT (between group D: -1.5 cm 2 ; P ¼ 0.50; ref. 37) , which is consistent with our nonlinear observation. The average BMI (26.8 kg/m 2 ) in our study was lower than other studies [29.2 kg/m 2 (37) and 30.5 kg/m 2 (36) ] that have examined the efficacy of exercise to improve body composition. Consequently, study participants in prior studies had 64% (37) to 83% (36) higher VAT at baseline, relative to participants in our study. Differences in baseline VAT area may explain, in part, the proportionally attenuated reductions in VAT observed in our study. Alternative explanations may include differences intervention length, exercise adherence, and study completion rates.
BPE is an imaging biomarker that measures blood flow by differentiating MRI contrast uptake in fibroglandular tissue versus that of the adipose breast tissue (11, 14) . BPE is strongly predictive of breast cancer risk (12) , and breast MRI is more sensitive than mammography in detecting early breast tumors (11) . BPE has been proposed as an endpoint to quantify response to riskreducing interventions (11, 13) . Our study confirms a prior report that baseline BMI correlates with BPE (14) and extends this observation to other body composition outcomes. To our knowledge, our study is the first to report that longitudinal changes in body composition correlate with reductions in BPE. Change in VAT accounted for a significant proportion of variance in BPE (9.7%). Each À1 cm 2 reduction in VAT correlated with a À3.4 cm 2 (95% CI, À6.1, À0.8) reduction in BPE. These observations should be interpreted as exploratory, as our statistical power was limited to demonstrate significant correlations with other important body composition parameters, such as body mass and fat mass. Additional investigation using adequately powered studies is needed to examine the relationship between BPE and these additional body composition parameters. The observed relationships are consistent with the hypothesis that the mechanism through which physical activity reduces premenopausal breast cancer risk may be due, in part, to reductions in body fat, particularly in the abdominal cavity. There are several limitations to this trial. Breast MRI was only completed in a subset of participants. With exception of race, participants who completed MRI measures were similar to those who did not undergo MRI. The small sample size of participants with MRI data limited our statistical power to detect correlations between changes in other body composition outcomes with change in BPE. We were unable to examine specific changes within the VAT compartment, such as mesenteric, omental, and retroperitoneal fat (38) . Participants who did not complete 5-month measures differed from those who did complete 5-month measures with respect to several demographic, clinical, and anthropometric variables, which indicates follow-up data were not missing completely at random and therefore our effect estimates may be influenced by a selection bias (plausibly away from the null because participants who did not complete the trial had poorer body composition than those who did complete the trial). Sensitivity analyses suggested that our findings were not different using an alternative method of analysis (RM-ANCOVA) with LOCF imputation. The duration of the exercise intervention was modest, lasting 5 months, whereas other studies have lasted 12 months (36, 37) . The absolute risk change associated with these improvements in body composition and BPE is not known and therefore the clinical importance of these findings warrants additional investigation. Furthermore, it is not known if BPE and body composition convey similar prognostic information regarding the absolute risk of developing breast cancer. It is unknown if reducing VAT among women at average risk of breast cancer and with higher VAT volumes would yield reductions in BPE that are of similar magnitude to the current study.
There are several strengths to this trial. To our knowledge, this is the first randomized trial to leverage DXA as an imaging modality to quantify longitudinal changes in VAT. BPE quantification was fully automated, which attenuates measurement error (13, 28, 29) . Data collection was completed by staff blinded to study group. A large proportion of study participants had complete body composition outcome data at 5 months. Adherence to the exercise prescriptions in both groups was high. National recruitment increases the generalizability to high-risk premenopausal women across the United States.
In conclusion, the findings from this study demonstrate the feasibility and dose-response effects of moderate-intensity aerobic exercise to favorably alter numerous body composition outcomes among premenopausal women at high risk of developing breast cancer. Change in VAT correlated with change in BPE, and future adequately powered studies are needed to confirm and expand upon this finding. The findings from this randomized trial provide mechanistic data to support observational evidence that shifting energetic homeostasis through exercise may alter the risk of developing breast cancer.
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